INTRODUCTION
CHRISTOFFEL-DARBOUX formula, [1, 2] , can be efficiently implemented in filter function synthesis in continuous domain, as described by analytical method in works [3] [4] [5] [6] . Related results in application of the Christoffel-Darboux formula in design of onedimensional z domain multiplierless linear-phase FIR filters and 2D FIR filter have also been reported in works [7] [8] [9] [10] [11] [12] . Popular one dimensional multiplierless CIC filters are described in literature [13, 14] . Syntheses of the RC active filters are described in literature [15, 16] .
Due to the effect of element tolerances and the limited gain-bandwidth product of operational amplifiers used in passive and active filter realizations, the pass-band response of the filter departs from the theoretical optimum much more in the frequency range near the band edge frequency than in the rest of the pass-band. An established technique to increase the element tolerances in the design of selective passive filters or to decrease the adverse effect of limited gain-bandwidth product of operational amplifiers uses transfer function with a special type of magnitude response for which the pass-band ripple amplitude decreases with the frequency increment, [17, 18] . Some designs of lowsensitivity RC active filters are considered in literature [19] [20] [21] [22] [23] . Helpful literature for filter theory is given in literature [24] [25] [26] [27] [28] [29] [30] .
In this paper it is given illustration of the examples of the filter, of recently introduced by analytical method of approximation filter function in work [4] , for specific numerical values of the real free parameter, v, and even filter orders, n = 6, n = 8 and n = 10.
These filter functions depend on one variable parameter v, enabling the last attenuation maximum in the pass-band to be adjusted by numerical computation, as shown in 3D plots frequency response analysis examples. The RC ladder nature of the resulting filter circuits as described in the work [4] , reduced the sensitivity to component tolerances sufficiently to eliminate the need for tuning. Approximation filter functions constructed in this work are such that have small pass-band magnitude ripples. Consequently, the sensitivity performance of the resulting network has advantage of improving the sensitivity performance. To avoid the need for filter tuning, filters of medium to low selectivity and low sensitivity to component tolerances are requisite. Sensitivity of the filter to finite tolerances of the critical module and the critical quality factor of the normalized complex conjugate poles are analyzed in this paper.
MATHEMATICAL BACKGROUND
Mathematical background for continual filter function with one free real parameter, v, and order of the filter function, n, is considered in this part of the paper. Set of orthogonal Gegenbauer polynomials, C v n (), is orthogonal on segment, 1    +1, in respect to
Certain values of free real parameter,  , which are listed in Table 1 , defines Norm of the r-th order of the classical Gegenbauer orthogonal polynomials has, for r = 0,1,2,..., the form:
Directly applying the Christoffel-Darboux formula for the Gegenbauer orthogonal polynomials, we derive the characteristic function, A(n,v,), of the proposed filter function.
where, C v r () = C (r,v,), are Gegenbauer orthogonal polynomials of r-th order, r = 1,2,...R, is number of cascade section of second order, h(r,v) is the norm of orthogonal polynomials and v is free real parameter.
As an example, by characteristic function, (3) we generated pole locations of the normalized Gegenbauer filter function for n = 10,  = 0.15, v = 0.777, listed in Table 2 . 
From the magnitude approximation in continuous domain by Christoffel-Darboux formula for Gegenbauer orthogonal polynomials defined by (3), we derive the 3D plot of  , defined in Table 1 .
First of particular solution of proposed filter function using Legendre orthogonal polynomials
For v = 1/2 we give weighting function (1) of value w (v = 0.5, ) =1 and derive filter function for Legendre orthogonal polynomials,
where, P (r,), represent the Legendre orthogonal polynomials. As example, by characteristic function (5) we generated pole locations of the normalized filter function generated by described analytical method for Legendre orthogonal polynomials for n = 10,  = 0.15, v = 0.5, listed in Table 3 . 
Particular solution of proposed filter function using Chebyshev first kind orthogonal polynomials
For v = 0 we give weighting function of value
and derived Chebyshev first kind filter function,
where, T (r,), represent the Chebyshev orthogonal polynomials of the first kind. As example, by characteristic function, (6), we generated pole locations of the normalized Chebyshev first kind filter function for n = 10,  = 0.15, v = 0, which are listed in Table 4 . 
where, U (r,), represent the Chebyshev orthogonal polynomials of second kind.
As an example, by characteristic function (6), we generated pole locations of the normalized Chebyshev second kind filter function for n = 10,  = 0.15, v = 1, listed in Table 5 . 
INSERTION LOSS ANALYSIS
The magnitude characteristics of the filter functions can be expressed by means of insertion loss characteristics (in decibels),
The proposed polynomial normalized prototype filter functions generated by the Christoffel-Darboux formula for the classical Gegenbauer orthogonal polynomials are determined by Eq. (3) for parameter values v = 0.888 and  = 0.15, and orders n = 6, n = 8 and n = 10. Pole locations, s r,r+1 =  r  jr, where r = 1,2,..., R/2 and n = 2R, of proposed filter functions of order n = 6, n = 8 and n = 10, are given in Tables 6, 7 , and 8, respectively.
Table 6
Pole locations of the proposed filter function for Gegenbauer polynomials derived for order n = 6, v = 0.888 and  = 0.15. 
where, n = 2R is order of filter function, R is a total number of biquadrate sections,  pr , is module of conjugate-complex poles, s pr ,
Conjugate-complex poles in Figure 6 are defined as,
, and its module as,
The critical module of conjugate-complex poles,  pc , is determined as, } , .
Then the pole quality factor of r-th biquadrate section is expressed by,
and critical pole quality factor, Q pc , is determined as, } , . . . , , { max
Fig. 6 Locations of pairs of complex conjugate poles with terms of definition quality factor, Q pr , where,  pr is module of conjugate-complex poles, s pr .
ANALYSIS OF FINITE TOLERANCE OF THE MODULE OF CRITICAL POLE OF FILTER FUNCTION
The limited gain-bandwidth product has the effect to the each biquadrate sections pass-band response, r = 1,2,..., R, in the part of frequency range near the pass-band edge frequency of the RC active filter. The limited gain-bandwidth product has an equal impact in the part of frequency range near the band edge frequency and at the band edge frequency to the biquadrate section of critical complex conjugate poles which has maximum value of the pole quality factor, Q. In this part of paper, only the adverse impact to the biquadrate section of the critical quality factor is analyzed.
The sensitivity of analog continuous-time filter function, H n (s  j), to the critical module of the normalized complex conjugate poles is defined as,
.  = 0.15, are listed in Table 9 . Table 9 Values of attenuation on,  = 1, for set of tolerance of critical pole module,  pc , of normalized 10-th order filter function derived for Gegenbauer polynomials for order n = 10, v = 0.888 and  = 0.15. When the finite tolerance of critical module,  pc , is limited to 0% and to 3%, normalized magnitude characteristics in the stop-band and zoomed in the pass-band and around stop-band cut-off frequency,  cs , as well normalized group delay characteristics of the 10-th order Gegenbauer filter function for v = 0.888 and  = 0.15, are analyzed in Figures 7, 8, 9 , and 10, respectively. Values of attenuation on frequency,  = 1, of normalized 10-th order filter function derived for Gegenbauer polynomials for n = 10, v = 0.888 and  = 0.15 are derived for set of the critical quality factor tolerance of complex conjugate poles, Q pc , and listed in Table 10 .
When tolerance of the critical Q factor are limited to 0% and 3%, the normalized magnitude characteristics of the 10 -th order filter function, in the stop-band and in the pass-band, are analyzed in the Figures 11 and 12 . In Figure 13 are shown magnitude characteristics for same finite tolerance of the critical Q factor, zoomed in the stop-band around the stop-band cut-off frequency,  cs . Table 10 Values of attenuation on,  = 1, for set of finite tolerances of critical quality factor, Q pc , of normalized 10-th order filter function derived for Gegenbauer polynomials for v = 0.888 and  = 0.15. When tolerances of the critical Q factor are limited to 0% and 3%, the normalized group delay characteristics of the 10 -th order filter function are analyzed in Figure 14 . 
CONCLUSION
This paper presents 3D analysis and detailed sensitivity analysis to component tolerances in the pass-band and the stop-band of a new class of filter functions introduced in literature [4] . An analysis of determining the characteristic features of these filters applicable for the design of the RC active filter is presented. In literature [4] available technique for derivation of filter functions at the approximation stage of filter synthesis is entirely analytical. In addition, the design economy of selective filters can be considerably improved by analyzing 3D plots of the magnitude response and the magnitude of the in-band ripples as a function of the free parameter, v, the filter order, n, and the frequency for maximum in-band attenuation defined by the parameter, , which defined the maximum value of reflection coefficient in the pass band. In this paper, an exact method has been presented to determine the explicit shape of the magnitude characteristic function for polynomial filters of even degree, for n = 6, n = 8 and n = 10. Amplitude characteristics are normalized by the maximum value of the attenuation in the pass-band of 0.1dB. Frequency characteristics of filter function for n = 10 and v = 0.888 are normalized to the maximum value of the attenuation in the pass-band of 0.1dB, and compared from point of view of finite tolerance of filter components.
The sensitivity of analog continuous-time filter function derived in literature [4] for Gegenbaure orthogonal polynomials, to finite tolerances of critical quality factor, Q pc , and to finite tolerances of critical module,  pc , of complex conjugate poles are analyzed in this paper. Limited gain-bandwidth product has dominant impact to the biquadrate section of critical poles in the part of frequency range near the pass-band edge frequency and at the band edge frequency. Foregoing effect is inconsiderable on the filter insertion loss. From the point of view of finite pole tolerance in this paper it is analyzed the proposed new design method suitable for the design of filters that may satisfy different inband attenuation specifications. The analysis of analytical approximation for design procedure of all-pole, RC active, low selectivity low-pass prototype filters, with low sensitivity to component tolerances is presented.
